The great cormorant (Phalacrocorax carbo hanedae) is one of the largest piscivorous water birds in Japan. It is in the phase of recovery from a long-term decline in the numbers, with its population drastically increasing throughout Japan. This potentially impacts cormorant's predation conflicts with inland fisheries. Recent cormorant migrants often appear to inhabit more urbanized areas although the species once preferred habitats remote from human activities. This novel dwelling preference remains unexplained. The present study aimed to understand the processes promoting their expansion, especially focusing on those that help acquire foraging success in urban habitats. Measurements on primary production in aquatic ecosystem did not detect superiority of urban habitats over rural ones. This indicates that exploitation of a habitat by cormorants is less explicable by the potential food richness. Our field survey revealed that more urbanized habitats provided more frequent contacts with pedestrians who were indifferent to wildlife, potentially allowing cormorants' habituation to humans. The degree of tolerance to human-associated disturbances in cormorants was measured using flight-initiation distance (FID) defined as a distance at which an individual animal moves away from an approaching human. Urban cormorants showed shorter FID than those in the rural habitats suggesting that reduced threshold of risk-avoidance against approaching humans could be implicated in the increase in foraging opportunities. Our results suggest that recent urban environments are selectively advantageous for cormorants as new habitats.
Introduction
Cormorants are large piscivorous water birds inhabiting coastal and inland waters globally (Cramp & Simons, 1977) . Many cormorant populations have undergone dramatic fluctuations in size over the past century (De Nie, 1995; Grémillet et al., 1995; Lindell et al., 1995; Hatch, 1995; Weseloh et al., 1995) . The great cormorant (Phalacrocorax carbo hanedae), dwelling in Japan, had also experienced a decline, close to a population collapse in early 1970's but it rapidly recovered, thereafter, and spread over inland waters (Naruse et al., 1997) . Cormorants that have advanced into this novel habitat certainly damage the native fish community, including commercially important fishes, often causing conflicts with humans, particularly associated with fishing activities (Kameda et al., 2003; Iguchi et al., 2008; Adkins et al., 2014; Shwiff et al., 2015) . However, reasons for such explosive increases are complex and remain unclear.
Previous studies show that cormorants earlier preferred rural habitats, remote from human activity (Ishida et al., 2000) . An experimental study using repellent visual stimuli demonstrated that contemporary cormorants retained their sensitivity to a human figure (Yamamoto et al., 2012) , suggesting that contact with humans is still perceived as a threat by cormorants. Nonetheless, a large number of cormorants have established their novel habitats in the midst of cities, where encounters with humans are common (Fukuda et al., 2002; Natsumeda et al., 2015) . The basis on which cormorants choose their habitat remains unexplained. Adaptive individuals should analyze their habitats to maximize the net gain (Kennedy & Greer, 1988; Kumada et al., 2013) . In terms of benefits from food supplies, urban habitats are not particularly superior to their rural counterparts. At the same time, the increase in the net gain in the urban population of cormorants can be achieved by the cost reduction during foraging. City environments inevitably have human-associated disturbances (e.g., pedestrians, dogs, and cats). However, different way of looking at the situation is that habituation to humans with frequent interactions may realize favorable conditions for cormorants in urban habitats (Knight et al., 1987) .
Animals, when confronted with approaching threats, estimate the risk based on numerous factors such as body size, behavioral characters, social status, and physical conditions (Stankowich & Blumstein, 2005; Cooper Jr., 2006; Rodriguez-Prieto et al., 2008) . The distance at which an animal begins to flee from the approaching threat varies with the magnitude of the estimated risk (Bonenfant & Kramer, 1996; Cooper Jr. & Frederick, 2007) . Flight-initiation distance (FID) is defined as the distance at which an individual animal moves away from an approaching human (Ydenberg & Dill, 1986; Bonenfant & Kramer, 1996) . FID is employed as a measure of acclimation to human-associated disturbances in cormorants that are exposed to different levels of urbanization. Repeated exposure to humans is known to decrease FID in the wildlife (Lord et al., 2001; Miller et al., 2001; Ikuta & Blumstein, 2003) . We hypothesized that cormorants that are accustomed to urbanized areas have shorter FID than those accustomed to less urbanized areas. The information on cormorant management in urban habitats is quite limited (Taylor et al., 2011) . This study aimed to understand the process promoting cormorant habitat expansion, especially focusing on those affecting the foraging success in urban habitats, by testing the above-mentioned hypothesis.
Methods

Study Site
Field investigations were conducted along four water courses running through Gunma Prefecture, Japan, on weekdays, from May through October, 2008. These streams are artificially stocked with Ayu (Plecoglossus altivelis), a commercially important fish in Japan, mainly for recreational fishing. The great cormorant had been very rare in this district because of the large distance of inland waters from the coastal area until immigration began in early 2000's (Fukuda et al., 2002) . The Watarase Stream (WS; 36°30′N, 139°17′E), Kasu Stream (KS; 36°21′N, 139°12′E), Momonoki Stream (MS; 36°24′N, 139°06′E), and Ino Stream (IS; 36°20′N, 139°02′E), all of which are tributaries of the Tone River, the longest river in Japan, were selected on the basis of the habitat-type (Figure 1 ). The former two streams flow between farmland areas, which correspond to rural habitats; whereas, the latter two are located in city areas and are classified as urban habitats. The stream width at the study sites varied in the range 28-43, 9-13, 24-29, and 4-11 m in WS, KS, MS, and IS, respectively. Each study site had a car-free pathway on the bank for the convenience of resident people. The frequency of pedestrians denoted the relative riverine human activity. Simultaneous counts of walkers passing along the bank during morning hours between 07:30 and 09:30 a. m. were repeated three times at each study site. Different observations were made at the same point in each of the streams. 
Primary Production
Primary production around the study sites was determined from the growth rate of the algal community attached to stream-bed stones, using ash-free dry-mass (AFDM) and chlorophyll a content estimation (Stevenson, 1990) . Collection of algal samples was done simultaneously at each study site on days with fair weather. Cobbles and boulders selected randomly from the stream-bed (n = 10) were brushed inside a 5 × 5-cm quadrat to remove algae from the stone surface. The remaining substrates were kept in a 5-mm net cage anchored to the stream-bed to protect from grazers until the second collection of algal samples on the next day. The samples stored in a bottle were filtered through a pre-ashed glass fiber filter (Whatman GF/C, Whatman International Inc., Maidstone, UK). Portions of algal assemblages left on the fine mesh were dried at 80 °C for 24 h, and then combusted at 600 °C for 24 h. The difference in the weight of dry mass and residual ash was designated as AFDM. Another portion of the filtered algae was preserved at -20 °C, from which chlorophyll was extracted using 90% acetone for 24 h at 4 °C. Spectrophotometric analysis was used to quantitate the chlorophyll a content (Steinman & Lamberti, 1996) .
Flight-Initiation Distance
Collection of the behavioral data of birds was synchronized at each study site from sunrise to noon on different days. A pair of observers walked on the designated sections of 10.8, 4.7, 8.5, and 11.7 km along WS, KS, MS and IS, respectively. These sections contained a range of reaches, riffles, rapids, and pools, and water. When a cormorant was spotted, observers were careful not to disturb it by their presence. One of the observers then walked directly towards the bird at a constant pace of 0.5 m/s. Flight-initiation distance (FID) was recorded for cormorants that were accessible by foot. This distance was determined by a measuring tape or, occasionally, by a laser rangefinder (Laser 800 S, Nikon, Tokyo, Japan). After recording the FID for a bird, the observers moved to another location so as not to bias the subsequent approaches to other birds. Quality of the foraging patches used by the birds was estimated, especially in MS and IS. Moreover, whenever possible, prey richness was assessed at each point where a cormorant was spotted. An electric fisher (Smith-Root, Vancouver, WA, USA) was used to efficiently collect fish at 300 V DC pulse from water column with depth less than 1m. Fish anesthetized with FA 100 (Takeda Chemical Industries, Tokyo, Japan) were classified, counted, and then re-released into the reach from where they were captured, following recovery from the anesthetic. Catch per unit effort (CPUE, standardized number of fish captured during 10 min of electrofishing) was employed as an indicator of prey richness.
Data Analysis
Variations observed in WS, KS, MS, and IS were presented graphically on box-plots, in which median, 25 th , and 75 th percentiles, and largest and smallest values were displayed. The variance data obtained from these four sites were subjected to ANOVA to detect the differences among the sites. This was followed by post-hoc comparisons www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 11; between pairs of sites using Games-Howell test (Games & Howell, 1997) . For detecting significant differences between two sites, the variance at the two sites was analyzed using Student's -t-test. All statistical analyses were performed using the SPSS statistical package (SPSS Japan Inc., Tokyo, Japan).
Results
The number of morning pedestrians varied among the localities ranging between 3 and 258 people (Figure 2 ; F 3,8 = 315.953, P < 0.001). More people used paths on the bank along MS and IS (MS vs. WS, P = 0.0032; MS vs. KS, P = 0.003; IS vs. WS, P = 0.007; IS vs. KS, P = 0.007), without paying attention to birds foraging in the water. AFDM was similar among the algal samples collected from different localities (Figure 3 ; F 3,36 = 1.242, P = 0.309). Chlorophyll a content also did not differ significantly between the localities (Figure 4 ; F 3,36 = 2.426, P = 0.081) although that of a sample obtained from MS showed slightly higher chlorophyll a levels (MS vs. WS, P = 0.001; MS vs. IS. P = 0.001). IS, P = 0.010). MS and IS had similar variations in CPUE for potential bait fishes (t = -1.468, df = 11, P = 0.165), as well as, in FID (t = 0.820, df = 11, P = 0.429), indicating that these two localities were comparable. Log-transformed variables showed negative relationships between FID and CPUE ( Figure 6 ; MS, r = -0.758, n = 5, P = 0.138; IS, r = -0.626, n = 8, P = 0.097), although data on CPUE were insufficient for further analysis. 
Discussion
The inland waters of Japan appear to be preferable for travelling cormorants in terms of food supply. This is probably due to the numerous dams and weirs constructed along the water courses that interrupt the upstream migration of Ayu (Plecoglossus altivelis) and, hence, intensive stocking is undertaken in the upper reaches to compensate for its use in recreational fishing (Pastene et al, 1991; Kubota et al., 2008) . Hatchery-rearing practices give fish a common character to make an assemblage without spreading; consequently, they become an easy prey in the field (Tsukamoto & Uchida, 1990) . Therefore, inland waters where Ayu is stocked abundantly provide cormorants with a motive for foraging. Increased accessibility to foods due to stocking has been observed in the case of European cormorants that have moved into inland areas (Kennedy & Greer, 1988) .
Inland areas provide both rural and urban habitats. Cormorants in the past were known to inhabit rural areas (Ishida et al., 2000) ; whereas, the current cormorant populations are successful in establishing themselves in urban habitats, as shown in this study. The rationale of how cormorants choose their habitat remains unclear. In general, urbanization resists natural predators (Tomialojc, 1982) , which results in lower perceived predation risk for the prey (Sorace, 2002) . Reduced predation pressure can be beneficial to cormorants even though they might have practically no predators in the inland areas. Further, recreational and/or sports fishing have become popular among outdoor enthusiasts in Japan (Imamura & Murakami, 2005 ) who prefer to fish in the suburbs rather than in the urbanized streams. Because anglers are a threat for cormorants, urban waters unfavorable for anglers can be regarded as safe zones for cormorants. Both AFDM and chlorophyll a content, indices of primary production in an ecosystem, did not differ significantly between the urban and rural habitats. This implies that exploitation of these habitats by cormorants is less explicable by their potential food richness.
Remarkable difference between the two habitat-types was observed in the number of pedestrians who were unconcerned with water birds. Urbanization is generally accompanied by increased disturbances due to human activities that have adverse effects on avian abundance and their reproductive success (Gill et al., 1996; Lord et al., 1997) . In the context of human-associated disturbances, streams running through the urbanized areas would deteriorate their suitability as habitats for water birds. However, urbanization sometimes promotes the abundance of certain species that have high tolerance to human activities (Valcarcel & Fernández-Juricic, 2009 ). In a traditional fishing method in Japan, U-kai fishing, live cormorants are used to catch Ayu, in which a fisherman on a boat manipulates multiple lines with well-trained birds (Jouy, 1888; Hayama, 2002) . Their capacity for learning seems to enable an easy habituation to humans. Our field tests proved that cormorants dwelling in more urbanized habitats had a shorter FID than those in the less urbanized habitats. This indicates that frequent encounters with ordinary commuters make cormorants alter their threshold of risk-avoidance involving humans. Indeed, at one time, when resident people harmed the cormorants in the course of collecting their droppings, the cormorants located their habitats away from villages and towns to avoid contact with humans (Ishida et al., 2000) .
Reduced FID allows an extended period available for collecting food. Because increased foraging time enhances foraging success in cormorants (Morrison et al., 1978) , there is a possibility of it contributing to the fitness of cormorants in the urban life. Cormorants that occurred in the two streams, MS and IS, in this study, returned to the same roost (Konishi, unpublished data), suggesting that the two habitats were used by a single group that shares a colony. Our survey detected the tendency that FIDs in urban habitats decreased with the increase in www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 11; CPUE at the foraging site although sample sizes were not sufficient. Leaving a good patch requires costs in terms of abandonment of the remaining opportunity for feeding while benefits are brought about by avoidance from the human-associated disturbance. Thus, the negative correlation between FID and CPUE is explicable by an optimizing process to maximize the difference between benefits and costs (Ydenberg & Dill 1986; Bonenfant & Kramer 1996) . FID adjusted to by the urban cormorants is deemed to be a consequence of their adaptive response based on the risk assessment. In the background of achieving adaptation, people who do not pose a threat, provide a selective pressure. Newly acquired urban life is likely to contribute to cormorant's fitness.
